INTRODUCTION
============

Osteoporosis is a common metabolic bone disease with spectrum ranging from asymptomatic bone loss to disabling hip fracture. The objective of osteoporosis treatment is to maintain skeletal health and prevent bone fracture.\[[@B1]\] Bisphosphonate is the most commonly used medication to prevent and treat osteoporosis in Korea. Several studies have reported relationships between medication persistence and reduced fracture risk.\[[@B2]-[@B4]\] Highly persistent patients showed significant reduction of relative risk for all fractures, while poor compliers had higher and increased risk of fractures. Currently, bisphosphonate therapy raises issues about adverse events with many years of taking bisphosphonates - osteonecrosis of the jaw (ONJ), severely suppressed bone turnover, atrial fibrillation, subtrochanteric fracture, and esophageal cancer.\[[@B5]-[@B9]\] To avoid such adverse events of long-term treatment, stopping the medication after 5 years of usage and using anabolic agents & other schedule and doses of bisphosphonate were suggested.\[[@B10]\] Additionally drug holiday (DH) was also suggested since 1 year of DH was not associated with increase in vertebral and hip fractures\[[@B11]\] and even with one year after discontinuation of bisphosphonate treatment, spine and femoral neck bone mineral density (BMD) remained higher that placebo group.\[[@B12]\] The purpose of this study is to observe the effects of a \'DH\' on BMD and bone turnover marker during bisphosphonate therapy in Korean women with osteoporosis.

METHODS
=======

The study was designed based on retrospective chart review and the study population consisted of 125 women aged 67.0 years old (50-81 years old) with osteoporosis (T-score≤-3.0 ; lumbar spine or femur of dual energy X-ray absorptiometry \[DXA\]) who initiated bisphosphonate between 1999 and 2004. The percentage of coefficient of variation (CV) of DXA (Hologic Discovery; HOLOGIC, Inc., Bedford, MA, USA) were 0.022% at L1-4, 0.046% at femoral neck, and 0.038% at total femur. If the patients had taken bisphosphonate more than 5 years, 1 year of \"DH\" was started in 2006. During the DH, bisphosphonate and calcium were at almost switched to alfacalcidol (0.5 µg) or calcitriol (0.25 µg), and calcium (158-600 mg) at almost patients. We prescribed one of three treatment regimens (daily, weekly, monthly) and divided these patients into alendronate (n=59), risedronate (n=58), and ibandronate group (n=8). And also lumbar and left femoral neck and total BMD, serum parameter (β-crossLaps \[CTx; Roche Diagnostics, Mannheim, Germany, reference range 0.13-0.58 ng/mL\], albumin, phosphorus, total calcium, and total alkaline phosphatase), and urinary parameters (fasting urine calcium, phosphorus, and creatinine) were measured 1 year before and after the DH. Non-parametric and paired T-test (Wilcoxon Signed Ranks Test) were used for comparing the parameters before and after the dug holiday using SPSS software version 20 (SPSS Inc., Chichago, IL, USA). Although the study was designed based on retrospective chart review, the study was started after the approval of Institutional Review Board (IRB).

RESULTS
=======

1. Baseline characteristics at the time of DH
---------------------------------------------

The baseline characteristics of the 125 patients are shown in [Table 1](#T1){ref-type="table"}. Mean age was 67.0±6.7 years, with mean BMI 23.1±2.9 kg/m^2^, and the duration of bisphosphonate therapy was average 6.1±1.3 years.

2. Changes of BMD
-----------------

BMD was measured annually during bisphosphonate treatment. We compared the BMD at 1 year before starting DH, on the starting year, and 1 year after the DH for 125 patients who had taken bisphosphonate more than 5 years. Changes of lumbar (L1-4) BMD between the time of starting and 1 year after the DH was insignificant (0.757±0.093→0.747±0.102 g/cm^2^, *P*=0.135). Changes of femoral neck and total BMD were not significant (0.567±0.079 →0.560±0.082, *P*=0.351, 0.698±0.008→0.691±0.090 g/cm^2^, *P*=0.115 respectively ([Fig. 1](#F1){ref-type="fig"}, [Table 2](#T2){ref-type="table"}).

3. Changes of serum and urinary parameters
------------------------------------------

After one year of DH, serum CTx and total alkaline phosphatase were increased significantly (0.21±0.12→0.79±0.44 ng/mL, *P*\<0.001, 54.5±13.4→60.4±15.5 IU/L, *P*=0.001 respectively). Serum phosphorus was increased insignificantly (3.6±0.4→4.0±0.4 mg/dL, *P*=0.258). Corrected serum calcium was decreased significantly (9.0±0.4→8.9±0.8 mg/dL, *P*=0.02) ([Table 2](#T2){ref-type="table"}). Urinary calcium/creatinine ratio was increased significantly (0.132±0.08→0.16±0.09 mg/mg, *P*=0.012), but urinary phosphorus/creatinine ratio was insignificantly changed.

DISCUSSION
==========

Osteoporosis is a common metabolic bone disease and an important cause of fracture in postmenopausal women. To achieve the maximum effects from bisphosphonate treatment, it is very important to keep taking medicine persistently. Compliance with bisphosphonate therapy is associated with a lower risk of osteoporotic fractures. Although long-term treatment with bisphosphonate has benefits on fracture reduction undoubtedly, there are some issues with respect to long-term safety. Since alendronate has received U.S. Food and Drug Administration (FDA) approval for the treatment of osteoporosis in 1995, oral alendronate (daily and weekly formulation in 1998, 2001 respectively) has begun to be used in Korea. Also risedronate, ibandronate and zoledronic acid have been approved and currently used thereafter.

Since ONJ,\[[@B5]\] a traumatic fractures due to severe suppressed bone turnover (SSBT),\[[@B6]\] atrial fibrillation,\[[@B7]\] subtrochanteric fracture,\[[@B8]\] and esophageal cancer,\[[@B9]\] were reported after the introduction of bisphosphonate for the treatment of osteoporosis, long-term safety of bisphosphonate use has been issued. With respect to long-term safety, previous reports were not problematic except 2 rare conditions, ONJ and atypical fractures.

Because bisphosphonate are tightly bound to bone after absorption and gradually released over months or years after treatment is stopped, which raises issues about both the possibility of stopping therapy and adverse events with long-term use, a DH was suggested concerning above possibilities.\[[@B13]\] A DH does not mean stopping the medication, but is a period between stop and restart of bisphophonate therapy. During DH, we switched from bisphosphonate and calcium to alfacalcidol (0.5 µg) or calcitriol (0.25 µg) and calcium (158-600 mg) because of approved drug for osteoporosis in Korea. Nevertheless, there is no strong evidence to provide guidance regarding how long to treat with bisphosphonate or how long the DH should continue.\[[@B14]\]

In this study, effects of 1 year of DH on BMD and bone turnover markers in postmenopausal osteoporosis using bisphosphonate for more than five years were observed. Our study shows spine and hip BMD changed insignificantly after the DH, but serum CTx and total alkaline phosphatase were increased significantly. Corrected calcium was decreased meaningfully, but level was within normal ranges. Urinary calcium/creatinine ratio was increased significantly. However, changes of bone turnover markers and BMD between 1 year before DH and the time of DH were observed not significantly. The results of insignificant changes of BMD and significant increase of serum CTx, total alkaline phosphatase, and urinary calcium/creatinine ratio after cessation of treatment suggest that the BMD is not influenced and increased bone remodeling recovers bone suppression after 1 year of DH. It is very hard to explain the decrease of urinary calcium/creatinine ratio at the time of starting DH compared with that of 1 year before DH, we could speculate that long-term use of bisphosphonate leading to bone suppression may cause reduction of calcium release from bone and decrease of urinary calcium excretion. In the subanalysis of alendronate, risedronate, and ibandronate group, there were no significant differences between three groups (date not shown). We Further studies will be needed to clarify unexplained result. Limitations of this study are; 1) there are no data comparing between the patients with DH and without DH, 2) bone resorption marker after the DH could not be compared with basal level before initiating bisphosphonate therapy, because urinary deoxypyridinoline/creatinine was only available as a bone markers when initiate treatment. However, change of bone resorption marker after the DH could be observed using serum CTx. In this study, 1 year off the drug is expected to affect no change of BMD, increase bone turnover markers, and be considered to have a positive effect on bone metabolism at least recovering the suppression of bone turnover due to long-term use of bisphosphonate, 3) since number of subjects in this study were small, more subjects will be needed to clarify the effects of DH.

CONCLUSION
==========

Since at least one year of DH did not influence lumbar and femoral BMD, but significantly increased bone turnover markers, one year of DH could be considered cautiously concerning the severe suppression of bone turnover with respect to long-term safety of bisphosphonate use. This study would suggest the possibility of the DH after long period of bisphosphonate treatment.
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###### 

Baseline characteristics of study patients
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Data are given as mean values±SDs.

BMD, bone mineral density; ALP, alkaline phosphatase; CTX, C-terminal crosslinked telopeptides of type I collagen; SD, standard deviation.

###### 

Changes of serum and urine parameters before and after the drug holiday
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Values are mean values±SDs. D.H., drug holiday.

Comparison were carried out using t test. Values are mean values±SDs.

All data were compared with those of the DH.

^a)^The mean difference is significant at the 0.05 level compared to DH.
